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Monday, February 9, 2015 255aunder physiological conditions. In our work, we focus on the influence of
reactive aldehydes (RA) on uncoupling proteins (UCPs) which localized in
the inner mitochondrial membrane. Previously, we have shown that while
reactive aldehyde 4-hydroxy-2-nonenal (HNE) strongly potentiates the activa-
tion of UCPs in the presence of free fatty acid (FFA), it is unable to activate
UCP directly [1]. We suggested that the observed effect is attributable to
HNE binding to the amino acids: lysine, cysteine and histidine. To attain better
mechanistic insight, we now compared the effect of two further RAs, 4-oxo-2-
nonenal (ONE) and 4-hydroxy-2-hexenal (HHE). For this, we measured total
proton conductance [2] of bilayers of different lipid composition, surface
potential and membrane order parameter. The potency of RA to activate
UCP1 increased in the order HHE<HNE<ONE. Phosphatidylethanolamine’s
(PE) presence in the membrane was crucial for the RA effect to occur.
We now propose that RAs enhance UCP1 activity (in the presence of
FFA) by binding to PE’s amino group, which results in the formation of a
PE adduct. The latter alters mechanic and electric bilayer properties, thereby
inducing protein conformational changes. In turn FA-mediated proton transport
accelerates.
[1] Malingriaux*, E.A., Rupprecht*, A., Gille, L., Jovanovic, O., Jezek P., Ja-
burek, M., Pohl, E.E. (2013). PLOS ONE 8(10): e77786. http://dx.doi.org/10.
1371/journal.pone.0077786
[2] Beck, V., Jaburek, M., Jezek, P., Pohl, E.E. (2006). Biochim. Biophys. Acta
(BBA) Bioenergetics 1757 474-479. http://dx.doi.org/10.1016/j.bbabio.2006.
03.006
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Huntington’s disease is a dominant genetic neurodegenerative disorder associ-
ated with motor and cognitive decline, caused by a mutation in the poly-
glutamine (polyQ) region near the N-terminus of the huntingtin (htt) protein.
Expansion of the polyQ region above 35-40 repeats results in the disease that
is characterized by inclusion body aggregates of mutated protein. The polyQ
expansion in htt is flanked by a 17 amino acid N-terminal sequence (Nt17)
and a proline-rich (polyP) region. To investigate the interaction between htt
exon1 and lipid membranes, a combination of Langmuir trough techniques
and vesicle permeability assays measuring calcein leakage were used to
directly monitor the interaction of a variety of synthetic polyQ peptides with
total brain lipid extract (TBLE) model membranes doped with specific mem-
brane components. Our data suggests that the Nt17 domain plays a critical
role in htt binding and aggregation on lipid membranes, and this lipid/htt inter-
action is enhanced by the presence of the polyP domain. The exogenous addi-
tion of cholesterol, a primary neuronal plasma membrane component reduced
in many Huntington’s disease models, to the TBLEmonolayer caused a notable
condensing effect in the membrane at low surface pressures. This resulted in
reduced peptide insertion into lipid monolayers and decreased levels of induced
vesicle permeability, though the effect does not scale linearly with cholesterol
concentration. Results from parallel studies on htt-membrane interaction with
sphingomyelin, a major component of membranes in the nervous system,
will also be discussed.
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Fibroblast growth factor 2 (FGF2) secreted by an unconventional mechanism
has been suggested through a membrane phosphatidylinositol 4,5-bisphos-
phate (PI(4,5)P2)-dependent process by involving FGF2 oligomerization
and lipidic membrane pore formation (Steringer et l., J. Biol. Chem, 2012,
287, 27659), but the mechanism of lipid-induced oligomerization remains
elusive. Herein, we demonstrate by a combined lipid monolayer/FTIR method
that PI(4,5)P2 binding to FGF2 induce a reorientation of FGF2 molecule near
membrane surface to allow the exposure of hydrophobic surface responsible
for FGF2 dimer formation. By using the structural information of FGF2/
PI(4,5)P2 complex obtained by NMR and FGF2 dimeric contact surface ob-
tained by X-ray, we further illustrate a molecular mechanism responsiblefor lipid-induced FGF2 oligomerization process. The results not only provide
a structural basis for FGF2 oligomerization near membrane surface, but also
suggest a novel PI(4,5)P2 - induced protruding, rather than insertion, process
as a crucial event to trigger the proper orientation of FGF2 molecule for its
oligomerizations.
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Classical BAR (Bin/amphiphysin/Rvs) domains and their distant relatives,
I-BAR domains, can bind to and reshape membranes in vitro and in vivo
through their intrinsic ‘‘crescent-shaped’’ and ‘‘zeppelin-shaped’’ homodi-
meric structure. However, the mechanisms by which plasma membrane intru-
sions induced by classical BAR domains, or extrusions induced by I-BAR
domains, are barely studied. Here we used a GUV membrane shape stability
assay to quantitatively investigate the key factors regulating BAR- and
I-BAR-induced membrane shape transition processes. We found that the
IMD-induced membrane curvature transition depends on protein density and
membrane tension, as we found earlier for the endophilin N-BAR and full-
length protein. Furthermore, we demonstrated that macromolecular crowding
on the membrane surface significantly influences the BAR proteins’ ability
to induce membrane curvature changes.
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T cell/transmembrane immunoglobulin mucin protein 3 (TIM3) is an integral
membrane protein on the plasma membranes of phagocytes and other cells
that participates in the recognition of surface-marked cells by the innate im-
mune system. It recognizes its targets by specifically binding phosphatidylser-
ine (PS) on their surfaces. Thus, a detailed characterization of the TIM3/lipid
interaction is key to understanding its function. Our group has recently identi-
fied the binding orientation of TIM3 to lipid membranes, leading us to hypoth-
esize a synergy of different forces in play in the TIM3/lipid interaction. Here
we established hydrophobic insertion and electrostatic attraction as two other
forces, in addition to the well-known calcium-mediated binding to PS at a
pocket on the protein surface. We have further quantified these three forces
in terms of dissociation constants in different large unilamellar vesicle systems,
using fluorescence spectral shift as the tool. Our quantitative analysis has led to
the surprising discovery of a three- to four- fold affinity enhancement effect of
minute amounts of the negatively charged phosphatidic acid (PA) are present in
the membrane. Study of this PA enhancement effect has been extended to TIM1
and TIM4, two other members of the TIM protein family, and the results will be
discussed.
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Surfactant Protein A (SP-A) plays an important role in pulmonary innate immu-
nity by recognizing canonical patterns on microbial surfaces. It protects the
lungs from infection by recognizing the lipid component (lipid A) on gram
negative bacterial surfaces, and by helping to initiate various clearance mech-
anisms. SP-A is also known to aggregate dipalmitoylphosphatidylcholine
(DPPC), the major constituent of lung pulmonary surfactant, to form tubular
myelin, a highly structured form of surfactant lipids and proteins. It is unclear
how SP-A can bind to both DPPC and lipid A for two very different functions.
To unravel the dual role of SP-A, we performed crystallographic and muta-
tional analyses as well as all-atom molecular dynamics (MD) simulations.
We found several critical binding features for lipid binding that involve
cation-pi interactions and hydrogen bonds. MD simulations revealed that
